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POLYDIPSIA:

A REVIEW OF THE LITERATURE

Polydipsia refers to the excessive fluid intake of a subject on
an intermittent schedule of food reinforcement with water available at
all times.

The overconsumption is accomplished by a series of post

reinforcement bursts of licking at a spout connected to a source of
liquid.

This behavioral pattern was first reported by Falk (1961b).

In that study food deprived rats had water freely available in the
home cage, yet when placed in an operant chamber for three hours with
food pellets available on a one minute variable interval schedule of
reinforcement, the rats consumed more than three times their entire,
daily water intake.

Polydipsia is not explicable as a metabolic change

due to deprivation because food deprivation produces a decrease, not
an increase in free water intake (Strominger, 1946).
Polydipsia has motivational properties in that a subject emits
behavior to obtain access to water when the presentation of water is
made contingent upon emission of the other behavior.

Falk (1966a)

showed that polydipsia developed when water is available only in dis
crete amounts under fixed ratio contingencies.

Food pellets were

available on a one minute variable interval schedule (VI-1 minute)
and water was concurrently available in 0.1 ml. portions from a dipper.
The dipper was operated after a fixed number of responses on a second
lever.

Polydipsic levels of drinking were observed with fixed ratio

values up to FR-10 in one subject and FR-50 in another subject.

A test

was carried out to determine whether polydipsia represented a superstitious

1
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chain.

To rule out the possibility that the food reinforcer was main

taining licking, water was eliminated from the dipper apparatus.

With

water unavailable from the dipper, fixed ratio responding soon extin
guished.
In the area of fixed interval schedules, Falk (1966b) showed that
polydipsia is a bitonic function.

In studying the effects of fixed

interval lengths ranging from two seconds to 300 seconds, polydipsia
increased linearly to a maximum and then abruptly dropped off at higher
fixed interval values.
Falk's first report of polydipsia (1961b) dealt with the VI-1
minute schedule.

Subsequently,

(Falk, 1961a) it was reported that

polydipsia of a smaller degree wasdeveloped and maintained for several
sessions using a FR-15 schedule.

However, after two dozen sessions

water consumption in the experimental chamber fell to normal levels.
Clark (1962) studied water intake on fixed ratio schedules ranging from
FR-5 to FR-50.

The cumulative records showed normal fixed ratio rates

with only occasional licking and only occasional post-reinforcement
pauses over five seconds.

A polydipsic pattern would have included

regular post-reinforcement pauses on the order of ten to fifteen
seconds or more.
Falk (1967) reported that on a two minute variable interval
schedule of pellet reinforcement (VI-2) water intake for all subjects
was above the level of intake on VI-1.

Hawkins, Schrot, Githens and

Everett (1972) extended Falk's findings on variable interval schedules.
Holding the number of reinforcements per session constant, Hawkins et
al found that as the average interval duration increased, water intake

R eproduced with permission of the copyright owner. Further reproduction prohibited without permission.

increased to a maximum value and then fell off.

The Hawkins data on

variable interval schedules show that polydipsia is a bitonic function,
just as it is with fixed interval schedules.

One notable difference

between the fixed and variable interval schedules is higher water intake
at lower variable interval parameters.
Studies by Falk (1961a), Segal, Oden and Deadwyler (1975),
Reynierse (1966) and Hawkins, Schrot, Githens and Everett indicate that
polydipsia is just as readily produced on response dependent and response
independent contingencies within the effective variable interval and
fixed interval parameter range alluded to above.
Reinforcement variables have been investigated for their effects
on polydipsia.

Studies by Falk (1967) and Hawkins et al (1971) showed

that when a measure of ingestion rate, namely, cumulative water intake
per session minute, is used to evaluate the effect of meal size, larger
reinforcement portions led to increased drinking.

The Falk study was

done using VI-1 and VI-2 schedules to assess the effect of 45 mg. and
90 mg. reinforcement magnitudes in probe sessions.

The Hawkins et al

study evaluated fixed feeding schedules of one and two minute duration
with 45 mg. and 90 mg. reinforcement magnitudes.

Probe sessions con

sisted of substitution of the 90 mg. reinforcement for an entire session
every three to five days.

Hawkins noted that the change in drinking

response rate observed when the magnitude of the pellet reinforcement
was increased is similar to the direction of change in operant per
formance when reinforcement magnitude is increased.

Hawkins et al

took the above observations as support for theoretical position that
the process of reinforcement accounts for the strength of polydipsic drinking.
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Type of reinforcement has also been a variable of interest to
investigators of polydipsia.

Stein (1964) reported almost complete

elimination of drinking when 0.15 ml. portions of milk were substituted
for 45 mg. pellets.

Strieker and Adair (1966) reported that when

cooking oil was used as the operant reinforcer, the level of polydipsia
was much lower than when food pellets were used as reinforcer.

Falk

(1967) found that metrecal and sucrose solutions were less effective
than food pellets in producing polydipsia.

However, in the same study,

he reported that liquid monkey diet induced marked polydipsic drinking.
Falk (1969) in a comprehensive paper on the conditions producing poly
dipsia concluded that the large portion magnitude and unbalanced nutri
tional status of the fluids used in the studies mentioned above probably
affected reinforcement efficacy within the schedule parameters.
Clark (1962) asserted that adventitious reinforcement developed
and maintained polydipsia.
consisted of three parts.

His proposal for the behavioral effect
First, drinking is likely to follow ingestion

of several pellets received close together in time.

Second, when a

short interval on the variable interval schedule follows drinking,
the next lever press is immediately reinforced, so that the probability
of drinking after reinforcement is further increased.

Third, this

process will continue if the proportion of short intervals on the
variable interval schedule is sufficiently high.

This line of reasoning

fails to fully explain the development of polydipsia on certain fixed
interval schedules, where there is no possibility of a short interval
following drinking after which a pellet would reinforce drinking.
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The dry-mouth proposal (Teitelbaum, 1966) suggests that it is the
dryness of the mouth following pellet ingestion which elicits post
pellet drinking.

This attempt to explain polydipsia is insufficient

in that Falk's (1967) results provide a significant counter-example
in liquid monkey diet.
Hawkins et al (1972) investigated the induced-thirst concept of
polydipsia.

The proposal and rationale follow:

if liquid and pellet

reinforcement are equally effective in maintaining operant performance,
then the concept of induced thirst would be supported as accounting for
the attenuation of polydipsia under conditions of fluid reinforcement.
However, if liquid reinforcement turned out to be a weaker reinforcing
agent, then it could be argued that reduced drinking with liquid rein
forcement were the results of this factor alone, dispensing with the
need for the concept of induced thirst.

The effectiveness of the two

types of reinforcers in maintaining operant performance was evaluated
by placing rats on a progressive ratio schedule and using the highest
ratio attained as the index of reinforcement strength.

The results of

the comparison were that the liquid diet was at least as effective as
pellet reinforcement in maintaining operant performance.

It should

be noted, however, that the size of the liquid portion was 90 mg., but
the size of the pellet was 45 mg.

Hawkins et al suggest that since the

two types of reinforcers are approximately equal in strength, that it
is the distinguishing characteristic of dryness to which reduced
drinking with liquid reinforcement must be attributed.

As a result of

these studies, Hawkins et al concluded that polydipsia is produced by
the combined influence of thirst and reinforcement variables.
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A recent attempt to explain polydipsia was made by Letter, Woods
and Vasselli (1973).

They suggested that excessive drinking induced

on a schedule of intermittent reinforcement is primarily related to
meal size.

Specifically, they asserted that the number of bites in a

meal and not the schedule of reinforcement determines the volume of
water consumed.

In their experiment rats were food deprived and then

given access to food for one hour per day.

During this time the-ai.

lib bite size and drink size were determined.
subjects drank water after each bite.

It was observed that the

Using several different bite sizes

as reinforcers, Lotter et al found an inverse relationship between
bite size and volume of water consumed.

The meal theory was offered

by those authors, suggesting that polydipsia developed as a function of
meal size primarily.

As support for the artifact proposal, Lotter et

al cite Falk (1967) and others whose results showed an attentuation of
polydipsia when larger food portions were used as reinforcers on the
operant schedule.

The interpretation of these data in terms of an

artifact may be premature.

For example, the interpretation assumes

that rats drink after each bite, therefore, the total water consumed
should be related to the number of bites.

Unpublished data from this

laboratory (Petersen, 1974) indicate that rats housed in an experimental
chamber for twenty-four hours per day develop polydipsia when their
feeding is regulated by fixed interval schedules of reinforcement.
These data showed that rats who are not deprived of food do not drink
after every meal.

It seems likely that the subjects in the Lotter

et al study drank after every meal in the free-feeding phase of that
study partially as a result of home cage deprivation conditions.
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Although the meal theory may seem to be extreme in minimizing
the importance of the operant schedule as a determinant of polydipsia,
the data on meal size, taken together with the data of Falk (1964),
Stein (1964) and Reynierse (1966) suggest that meal size may have some
influence on the level of polydipsia attained.
Polydipsia is an extra, unprogrammed addition to scheduled behavior.
As such it is similar to other phenomena produced by the environmental
controls imposed by certain schedules of reinforcement.

Other behaviors

of this type are aggression, preening, air-licking, wheel-running and
pica.

Falk (1966b) termed extra, unprogrammed responses, such as

aggression (Azrin, 1965) and polydipsia (Falk, 1966), which are pre
potent enough to sustain behavior in their own right adjunctive behavior.
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POSITIVE CONDITIONED SUPPRESSION
A REVIEW OF THE LITERATURE

Positive conditioned suppression refers to the decrease in operant
response rate during a brief stimulus which has been previously paired
with a reinforcing stimulus.

The first report of the behavioral effect

was made by Azrin and Hake (1969).

In that study animals responding

at a stable rate on a VI-1 minute schedule made fewer responses during a
period of time signalled by a ten second tone and followed by an uncon
ditioned reinforcing stimulus than during an equivalent time period
immediately preceeding the tone.

The suppression was severe and occurred

for all groups of subjects within the first or second session.

There

have been two main procedures used in making the CS-US pairings in the
positive conditioned suppression literature.

The first method, used in

Azrin and Hake's 1969 study, consists of CS-US pairings occurring on
the operant baseline,

The pairings are programmed concurrently with

operant schedules of reinforcement.

This procedure was also used by

Hake and Powell (1970).
The second procedure is the one adopted by Van Dyne (1971), Davis
and Kreuter (1972), and Kelly (1973).

The distinguishing feature of

this second procedure is that the CS-US pairings are made off the operant
baseline in separate sessions.
detail below.

The Kelly (1973) study is described in

Twenty presentations of a three minute tone were made.

Half of the presentations were made during the operant session, one
in each session per day.

The other half of the presentations were

given in separate sessions of the baseline.

When the CS no longer

8
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produced physiological or lever response rate changes, the US was intro
duced following the CS.

Twenty-one of the first twenty-five were off

the baseline to avoid adventitious correlation between the US and
operant responding-

Off baseline trials were five minutes apart; on

baseline trials occurred at the thirtieth minute.

Since the results

of the procedure was severe suppression during the CS for two to five
sessions, Kelly concluded that the effects of a pre-reward stimulus
on operant responding is not dependent upon pre-exposure to the CS.
Azrin and Hake (1969), Kelly (1973) used a tone as the CS.
and Powell (1970) and Kelly (1973) used a visual CS.

Hake

Since all these

studies found suppression of operant responding, Kelly (1973) concluded
that effects of the pre-reward stimulus are not dependent upon the
modality of the CS.
The effect of reinforcement variables on positive conditioned
suppression has been investigated also.

In Azrin and Hake's (1969)

analysis two groups of subjects received either water or food in dis
crete portions as the operant reinforcer.

Subjects in each of the two

groups then received either water, food or intracranial stimulation as
the US when Pavlovian pairings were programmed to occur.

Conditioned

suppression occurred for all groups within the first or second session
and continued each session except for the group which received water
as the baseline reinforcer and water and the US.
slight facilitation during the tone.

This group showed a

This effect was explained by the

investigators as superstitious conditioning, since in a second experi
ment with the water-water group a delivery of the US was delayed slightly
if a lever press had just occurred, resulting in suppression for one of

R eproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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the rats in the group.

In addition, it was noted that the facilitation

occurred only after an intial suppression.

In all groups of the study,

the operant reinforcer and the US were of different magnitude.

For

instance, the water reinforcer portions were 0.1 cc., whereas the water
US portions were 0.5 cc.
pellet was delivered.

When food served as operant reinforcer, one

However, when food was used as the US several

pellets were delivered.
Azrin and Hake (1966) suggested that the reason earlier studies
on the effects of a pre-reward stimulus on operant responding found
facilitation rather than suppression was because the appetitive stimuli
were not discriminably different.

However, the results of Kelly (1973)

showed that the conditioned suppression effect can be produced in
monkeys even when the two stimuli are equivalent.

In that study

750 mg. whole diet pellets were^used both as operant reinforcement and
as Pavlovian US.

In conclusion with respect to modality and magnitude

of the baseline reinforcer and unconditioned stimulus, the data seem
to indicate (aside from Azrin and Hake's 1969 water-water group) that
any stimulus which functions as a positive reinforcer can serve either
as operant reinforcement or as unconditioned stimulus.

This conclusion

is tentative, requiring further investigation with different species
of experimental subjects.
The duration of the signalled time period preceeding the uncon
ditioned stimulus is an important variable controlling the degree of
conditioned suppression or facilitation.

Meltzer and Brahlek (1970)

found that the degree of response suppression is related to the duration
of the conditioned stimulus.

When a twelve second CS was presented on
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an operant baseline and followed by a US, all subjects showed suppression
of response rate during the CS.

When a 120 second CS was presented in

the same manner, all subjects showed enhanced responding during the CS.
Mixed results were obtained with an intermediate (forty seconds) duration
CS.

The enhancement showed during the 120 second CS was a relative

elevation with respect to non-CS responding, that is, the elevation
was not above the level of responding before presentations of the
Pavlovian pairings.
In a similar study Miczek and Grossman (1971) investigated parameters
of CS duration in a positive conditioned suppression paradigm.

While

monkeys were responding for food pellets on a VI-45 second schedule,
different durations of tone were presented in blocks of sessions fol
lowed by a different size and type of food pellet.
presented were 15, 30, 60, 120, and 180 seconds.

The CS durations
For the short duration

CS's (15 and 30) responding during the CS was suppressed to one-half
the baseline rate.

However, the investigators did not find response

enhancement at longer CS values.
In addition to the previously discussed experiments, CS duration
effects on DRL performance have been investigated by Henton and Brady
(1970).

Monkeys responding at a stable rate on a DRL-30 second schedule

were presented various duration CS's and also a number of extinction
and reacquisition sessions with the longest duration (80 seconds) were
investigated.

The CS durations evaluated were 20, 40 and 80 seconds.

There was no differential effect on responding during the 20 and 40
seconds CS durations.

After seven to nine sessions with the 80 second

CS, an increase in the response rate during the CS was noted and during
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the last five sessions with that CS value, responding during the CS
was approximately double the equivalent non-CS time.

In addition to

the observed change in the frequency of operant performance during the
pre-reward stimulus, there was noted a change in the temporal patterning
of responses during the CS.

A marked difference existed between the

CS and pre-CS irt distributions.

By the final sessions irt distributions

of CS responding were characterized by a higher incidence of short
(zero to five second) irt's.

During the extinction sessions when the

US was not presented immediately after the CS, irt’s gradually in
creased, until by the tenth session the two distributions were approxi
mately equivalent.
Davis and Kreuter (1972) extended the analysis of the effects of
a pre-reward stimulus to the area of avoidance conditioning.

In

separate blocks of sessions, rats were trained in Sidman avoidance.
Then for fifteen sessions Pavlovian pairings were programmed to occur
on the Sidman avoidance schedule.

Finally, for ten sessions the con

ditions were the same as those just mentioned with the exception that
the US was not presented.

The results of the presentation of CS-US

pairings on the Sidman avoidance baseline was a disruption of avoidance
efficiency since shock rate during the CS was higher than during non-CS
time.

The distribution of responses was also different during non-CS

time.

The distribution of responses was also different during the CS

time relative to non-CS time.

Responding during the CS was characterized

by alternate pausing and bursting.
There have been several theoretical positions taken with respect
to the explanation of positive conditioned suppression.

First proposed
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as an explanation of suppression following a pre-aversive stimulus,
the anxiety interpretation (Estes and Skinner, 1941)is tied to the
degree of aversiveness of the US.

This proposal leads to the expec

tation that a stimulus which is a positive reinforcer should produce
an increase in operant rate, the "joy effect" (Millenson, 1967).
As an alternative to the anxiety interpretation, Azrin and Hake
(1969) suggested that during the presentation of a stimulus that is
paired with any strong reinforcer, either positive or negative, a
general emotional state is elicited.

The general emotional state

interpretation is not dependent upon qualitative aspects of the non
contingent stimulus (US), and therefore predicts that a positive US
should produce suppression.
Kelly (1973) in discussing positive conditioned suppression noted
that suggestions of an emotional etiology of pre-reward suppression
all have in common the notion that suppression of operant behavior is
dependent upon some internally conditioned events.

Thus, changes in

operant responding are treated not as emotion itself, but as overt by
products of some conditioned physiological responses.

Azrin and Hake's

interpretation suggests that a pre-reward emotional state associated
with autonomic changes is like those reported to condition to pre-shock
stimuli.

Van Dyne (1971) suggested that pre-reward and pre-aversive

resondents differ, but that both are incompatible with operant responding.
To test this interference hypothesis Kelly (1973) made physiological
and cardiovascular measurements during the course of an experiment in
positive conditioned suppression and found that pre-reward suppression
is not associated with any conditioned cardiovascular respondents.
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As an alternative proposal, Kelly (1973) offered that pre-reward sup
pression might represent a shift from the amount of work a subject will
perform to obtain baseline reinforcement, that is, a criterion shift
in effort.
Hake and Powell (1970) reported that operant responding declined
during the CS because with the addition of the US, total reinforcement
was higher during the CS than during non-CS periods.

Hake and Powell

would then predict that if all CS-US pairings were done off the base
line, and the US never present during an operant session, the result
should be no change in total reinforcement, and therefore no change
in operant responding should be observed.

However, Kelly's (1973)

study suggests that rather than reflecting a decline in relative
reinforcement value of baseline reinforcement, the pre-reward suppres
sion might represent a criterion shift in effort.

Kelly's interpretation

is supported by the observed suppression in his experiment when almost
ninety per cent of the initial Pavlovian pairings were presented off
the operant baseline.
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INTRODUCTION

Davis and Kreuter (1972) noted that four basic combinations of
types of conditioning and stimuli are possible when operant and Pavlovian
conditioning paradigms are considered.

These combinations appear in

the table below.

Pavlovian

Operant

1. appetitive

aversive

2. aversive

aversive

3. appetitive

appetitive

4. aversive

appetitive

The Davis and Kreuter proposal for the analysis of operant and Pavlovian
conditioning is analagous to the Kelleher and Morse (1964) suggestion
for operant research in psychopharmacology.

In brief, the proposals

suggest that it is more important to know the properties of the baseline
schedule and the behavior it generates than to know simply the properties
of the stimuli introduced on the operant baseline.
by Davis and Kreuter consists of two parts:

The proposal offered

first, classically con

ditioned stimuli superimposed on an operant baseline will initially
elicit some response; second, what is crucial is the manner in which
the reinforcement contingencies of the baseline affect the changes
elicited in operant behavior by the classically conditioned stimulus.
For example, the above investigators pointed out that in their own
study response rate during the CS was not different from non-CS time,
16

with permission o f the copyright owner. Further reproduction prohibited without permission.

17

but the temporal patterning of responding during the CS revealed a
cyclic relationship of pausing, shock delivery and response bursting.
This pattern was produced by the interaction of the Sidman avoidance
baseline contingencies (shock delivery in the absence of responding)
with the change in behavior (pausing) elicited by the conditioned
stimulus.
In the present investigation the "truly random" control procedure
recommend by Rescorla (1967, 1969) was adapted from his group design
to a single organism design in order to evaluate the effects of a con
ditioned stimulus on operant responding and schedule-induced polydipsia.
This random control procedure permits comparative analysis of the con
tingency between the CS and US.

Presentations of the CS and US are

programmed in such a way that there is not contingency between them in
the random control procedure.
and independently.

The two stimulus events occur randomly

The occurrence of the CS thus provided no information

about subsequent occurrence of the US.

This random control procedure

differs from the procedure in which the CS and US are explicitly un
paired in that it allows for CS-US pairings to occur by chance alone.
In the explicitly unpaired procedure the CS predicts "no US."
The random control procedure represents a methodological innovation
in positive conditioned suppression research, since the previous studies
used the "CS alone" control procedure.

This procedure is lacking since

the subject receives no US in the control phase.

Consequently, the

difference in responding (suppression or facilitation) observed when the
Pavlovian pairings are presented on the operant baseline may be attributed
to the difference in experience with the US.

With respect to habituation,
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the "CS alone" procedure falls short in that repeated presentations of
the CS alone may not lead to the same rate of CS habituation as repeated
presentations of the CS in an experimental space where the US also occurs.
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METHOD

Subjects

The subjects were male, albino Sprague-Dawley rats of the Holtzman
strain.

They were sixty days old at the start of the experiment and

weighed 230, 390 and 270 grams, respectively.
deprived to 80% of their free-feeding weights.

They were subsequently
They were housed in

individual cages in a constantly illuminated, temperature controlled
room.

In addition to food obtained in the experimental chamber, sup

plements were given after sessions to maintain 80% running weight.

Water

was always available in the home cages.

Apparatus

The dimensions of the experimental chamber were 19.7 cm. x 22.2 cm.
x 20.3 cm.

Three walls and the ceiling were made of metal and the fourth

wall, which also served as the entry into the chamber, was made of plas
tic.

An operant lever 4.3 cm. long and 0.8 cm. in diameter protruded

from a smaller wall 7.0 cm. above the grid floor.

6.5 cm. away from

the operant lever a 2.54 cm. square feeder tray was located 3.0 cm. above
the grid floor.

The operation of the lever required 15-20 dynes of

force and it activated the feeder according to schedule parameters.
Centered in the plastic wall was a hole 1.5 cm. in diameter.

Through

this hole, 3.5 cm. above the grid floor, was inserted a stainless drink
ing spout.

The spout was attached to a calibrated tube in order to

make water available during all experimental sessions.

The spout was

19
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0.9 cm. in diameter and the hole through which the water flowed was
0.3 cm. in diameter.
The entire experimental chamber was housed in a sound attenuated
refrigerator.

The refrigerator was no longer operative, but was venti

lated by a fan which further masked laboratory noises.
Recording for the first 50-55 sessions was done by means of relay
equipment in an adjacent room.

Later, a Digital Equipment Corporation

model 8L computer was programmed using the notation system described
by Snapper, Kadden and Kushner (1970) and Snapper (1973) to present
stimuli and record responses.

Procedure

Following deprivation all subjects received training in the lever
response and eight half-hour sessions of FR-1.

Subjects C-21 and C-22

were placed on a VI-45 second schedule for 1-4 sessions and then on a
VI-30 second schedule for nine sessions.

For the remainder of the study

these two subjects were placed on a daily VI-1 minute schedule for ap
proximately one-half hour.

After continuous reinforcement subject C-23

was placed on VI-1 minute schedule for twenty-four sessions.

To elevate

the session response rate and achieve a smoother rate C-23 was given
three sessions of VI-45 second schedule.

Then C—23 was returned to the

daily VI-1 minute schedule for the remainder of the study.

Table 1

shows the number of sessions each subject received on each procedure.
During all sessions water was available through the drinking
tube.

After nineteen to twenty-two sessions the location of the tip

of the drinking spout was gradually altered at the rate of 0.1 cm. per
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Procedure

Number of Sessions Per Subject
C-21
C-22
C-23

FR-1

8

8

8

VI-30 second

9

9

0

VI-45 second

4

4

3

VI-1 minute

104

107

96

Random Control Procedure

11

11

7

VI-1 minute (tone alone)

13

12

10

9

11

10

died

10

10

Explicit Pairing Procedure
VI-1 minute (tone alone)

Table 1. Number of sessions per subject
in each procedure are shown.
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22

two sessions until it protruded only 0.1 cm. inside the plastic wall.
This was done in order to permit more accurate recording of the rate
of water consumption measured in licks.

It had been determined that

each subject enclosed the drinking spout in its mouth, thus preventing
the recording of discrete licks.

The length of each session was changed

from approximately one-half hour to thirty reinforcements after 25-28
sessions on VI-1 minute.
When the level of water consumption, the rate of licking and the
rate of lever pressing became fairly stable each subject had been given
101-112 daily sessions of VI-1 minute.

At this time each subject was

given an additional daily session of fifteen to twenty minutes where
ten presentations each of a brief, ten second tone and a delivery of
three pellets were programmed to occur.

Each subject was given seven

to eleven sessions in which the tone and pellets were programmed to
occur randomly and independently.
control procedure.

This procedure was termed the random

During the random control procedure the operant

lever was removed from the chamber and was replaced by a metal patch
plate fastened to the wall of the chamber.

Water was always available

during the random control procedure.
Each session of the random control procedure consisted of ten
presentations of a ten second tone and ten deliveries of three pellets.
Licks were recorded second by second during each ten second tone period
preceding the tone, during each ten second tone period and during each
ten second period following the tone.
In order to test the effects of the tone upon operant responding
(lever pressing) and adjunctive responding (licking) when the random
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control procedure was completed, the ten second tone was presented
four or five times randomly during each VI-1 minute session.

Licks

and lever presses were recorded second by second during the ten seconds
preceding, during, and following the presentations of the tone.

Data

on session irt's were collected for comparison with earlier VI-1 minute
sessions.
During the next phase of the study each subject received nine to
eleven sessions of the explicit pairing procedure in which the ten
second tone was programmed to occur randomly and to be followed immedi
ately by the delivery of three pellets.

As with the random control

procedure, these were daily sessions occuring several hours after VI-1
minute sessions.

During this phase of the study the tone was presented

ten times during the fifteen to twenty minute session, each time fol
lowed by the delivery of the US.

The operant lever was again removed

from the chamber during the procedure and water was continuously available
in the chamber.

Data collected during the explicit pairing procedure

was similar to that collected in the random control procedure.
During the final phase of the study, the tone was again presented
during VI-1 minute sessions.

Data was collected as in the previous

phase when the tone was presented during VI-1 minute sessions.
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R ESULTS

The per session volume of water consumption shown in Figure 1
indicates that two of the three subjects drank a larger amount of
water in the explicit pairing procedure than in the random control
procedure.
A marked difference between the two procedures in the total num
ber of licks during tone presentations was also apparent.

In Figure 2

the amount of water consumption, measured as licks occurring during
tone presentations, is shown for the random control procedure and for
the explicit pairing procedure.

The number of licks occurring during

tones was consistently less in the explicit pairing procedure.
The Annau and Kamin ratios (Annau and Kamin, 1961) were computed
by dividing the number of licks which occurred during the tone by the
sum of the number of licks which occurred during the equivalent ten
seconds immediately preceding the tone.

Ratios of 0.50 indicate the

same relative occurrence of licking in the two time periods sampled.
Ratios below 0.50 indicate a suppression of responding during the tone
relative to responding in the pre-tone ten seconds.
indicates complete suppression during the tone.

A ratio of zero

Ratios above 0.50 in

dicate that responding was accelerated during the tone relative to re
sponding in the equivalent pre-tone period.
Figure 3 illustrates the Annau and Kamin ratios for licking during
the tone in the classical conditioning sessions as well as the ratios
during the VI-1 minute sessions when the tone alone was presented.
24
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Figure 1.
cedures.

Water consumption during the classical conditioning pro
Each point represents session water consumption in mis. for

each subject in the random control procedure and the explicit pairing
procedure.
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Figure 2.
procedures.

Total licks during the tone for the two classical conditioning
Each point represents the number of licks emitted during

presentations of tones during a session.
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Figure 3.
shown.

Annau and Kamin suppression ratios for lick responses are

Each point represents the mean suppression ratio per session

during tone presentations.
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These are computed as mean ratios per session.

The ratios were vari

able in the random control procedure, however, the ratios during the
explicit pairing procedure were consistently below 0.20.

The Annau

and Kamin ratios for licking in the VI-1 minute sessions which included
presentations of the tone show an initial suppression during the tone
for subject C-22 and variable ratios for C-33.

Data for C-21 was not

collected during this phase because the animal died before the procedure
was initiated.
The Annau and Kamin ratios for lever pressing in VI-1 minute
sessions in which the tone occurred are shown in Figure 4.
computed as mean ratios per session.

The are

In the initial sessions following

the explicit pairing procedure the ratios are lower than the ratios
when the tone was presented during the VI-1 minute sessions following
the random control procedure.
An analysis of the effects of pellet reinforcements which occurred
during the ten second pre-tone and ten second tone periods of the VI-1
minute sessions following the explicit pairing procedure was made.
occurrence of such reinforcements varied between zero and four times
per session.

The delivery of reinforcement during or preceding the

tone was followed by a suppression of lever pressing and a burst of
licking.
The irt distributions per session for lever and lick responding
were quite similar during each phase of the study.
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The

DISCUSSION

These data suggest that schedule-induced polydipsia is subject
to modification by the presentation of a conditioned stimulus alone.
The difference between the random control procedure and the explicit
pairing procedure in total water consumption per session and in licking
during the tone is evident in Figures 1, 2 and 3.

The effect of ex

plicitly pairing non-contingent food delivery with a ten second tone
was to increase post-pellet water consumption.

The pattern of water

consumption during the tone in the explicit pairing procedure was sim
ilar to the suppression of operant rate reported to occur during a
pre-reward stimulus (Azrin and Hake, 1969; Van Dyne, 1971; Kelly, 1973).
The effects of the tone upon operant rate during the VI-1 minute
sessions was the suppression of lever pressing during the tone relative
to lever pressing in the equivalent time period immediately preceding
the tone.

This decrease in operant rate during a neutral stimulus pre

viously paired with an unconditioned reinforcer is consistent with pre
vious research using the same schedule of reinforcement and the same
brief duration stimulus.

The temporary suppression of operant responding

in the absence of the US is similar to the results of Kelly, 1973.

The

suppression of the adjunctive behavior, licking, for subject C-22 during
the brief duration tone on the VI-1 minute schedule is similar to the
effects of a conditioned stimulus on the operant behavior, lever pressing.
An implication of this investigation for further research is the analysis
of the effects of a brief duration conditioned stimulus upon other ad
junctive behaviors.
32
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Figure 4.
shown.

Annau and Kamin suppression ratios for lever responses are

Each point represents the mean suppression ratio per session

during tone presentations.
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